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1. FEATURES

Power Supply
VCC _C,VCC R=8~20V
VDD =1.65~ 3.6V

Display Area
Max. 128(RGB) x 128 (Pixel) for 65K Color

Graphics RAM
Dot matrix : 128 x 16 Bit x 128 = 262,144 Bit

Column Driver

Max 128(RGB) Outputs

65K Color

Maximum Output Current = 255uA (1uA Step), Maximum Peak Current = 1008uA (16 Step)
Next Pin to Pin Current Deviation £2.0% (lout = 100uA)

Current Deviation at 1Chip Max-Min £4.0% (lout = 100uA)

Average Current Deviation against absolute level +6.0% (lout = 100uA)

Row Driver

Max. 128 Outputs

Variable duty ratio (1 to 128)

ON resistance typical 250hm (Max. 40ohm)

CPU Interface
8bit Write and Read
Address A0 is used to select command and parameter (data)
Selectable 68/80 series parallel bus or serial interface
Parallel I/F : write cycle 10MHz

read cycle 2MHz
Serial I/F : serial clock 10MHz when write mode,

serial clock 2MHz when read mode

Advanced Display Features

Adjustable Frame Frequency (60Hz ~ 120Hz).
Internal Regulator for Row Driver.

Oscillator & Reference resistor is internal.
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2. Block Diagram

csB
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WRB(/RW)
RDB(E)

D2 ~ D15
D1(SDIN,SDA)
DO(SCLK,SCL)
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LD7138

128(RGB)x128 65K Color OLED Column/Row Driver with Controller

VSSA
VCC_C

+—
+—

+— VCCR
+—| RPRE
+— GPRE
+— BPRE

IREF » DAC
<€<—» SRAM
Display
I/F Timing
Control
Command
Register
Internal
Regulator 0sC
O N - O
7 o)
¢S 8 >
LL

LDT Inc. Mplaza3F, 538, Dujeong—dong, Seobuk—gu, Cheonan, Chungnam, 331-958, Korea

82 41520 7300

82 41 520 7337 www.ldt.co.kr

Co
~ C383

RO
~R127

Verl.3



LD7138

128(RGB)x128 65K Color OLED Column/Row Driver with Controller

|
2 LDT
3. PIN DESCRIPTION

3. 1. Pin Description

PIN NAME TYPE 1/10 Function
VDD Interface Power & Analog Power
Internal Logic Power. Refer to application guide. Capacitor is connected between
VDDL VDDL and VSSD
Power - an :
VSSA Analog (Driver) GND
VSSD Logic GND
vee_c Column Driver Power
This pin is the power output pin of internal row power regulator. A 4.7uF capacitor
VCC_R is recommended to connect between V¢ g and GND. If internal row power
Power ) regulator is disabled, It must be connected to the external high voltage source.
RPRE Column Driver Pre-Charge Power for Red
GPRE Column Driver Pre-Charge Power for Green
BPRE Column Driver Pre-Charge Power for Blue
This pin enable/disable internal logic power regulator. When this
PSEL | pin is tied with VDD pin, it is the internal logic power regulator
enabled.
PIN NAME TYPE 110 Function
These are 16-bit bi-directional data bus to be connected to the microprocessor’s data
bus.
When 12C interface mode is selected, D1 will be the 12C data input (SDA) and DO
D15~ D0 1/0 | will be the 12C bus clock input (SCL), and D2 ~ D15 should be tied VDD or VSS.
When serial interface mode is selected, D1 will be the serial data input (SDIN), DO wil
I be the serial clock input (SCLK), and D2 ~ D15 should be tied VDD or VSS or
floating.
These pins configure 12C interface address. Using these pins. 12C Address can be
ID2/ID0 |
selected.
WRB/ RW Ing?fsz:ce | Write (Active Low) for 80 Series, H : Read, L : Write for 68 Series
RDB/E Pins | Read (Active Low) for 80 Series, Read or Write Enable for 68 Series
A0 | Address ( L: command, H: Parameter)
RSTB | Reset (Active Low)
CsB | Chip Select (Active Low)
C80 | H: 68CPU L: 80CPU
PS | H: Parallel L: Serial
IXS | H: 12C is selected, L :12C is not selected
EXT_CLK C'Oclfir']“p“t I | External Clock Input Pin
FSYNC Other O | Frame Signal & Oscillator Clock output

*. Interface Mode Table

Interface Mode PS IXS
Parallel 1 X
Serial SPI 0 0
Serial 12C 0 1
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PIN NAME TYPE 110 Function
RO ~ R127 OLED o OLED Dot Matrix Row Output
co~c3gg | DriverPins OLED Dot Matrix Column Output
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3.2. Pad Layout

DUMMY

DUMMY
DUMMY

DUMMY

R92
R98

R DUMMY

VDD R124
R126
RSTB DUMMY
WRB DUMMY
cSB DUMMY
A0 DUMMY
Co
1

Q
N
(@]

D1t BUMP SIDE

D15 C382
VSSDOUT
PS C383

IXS DUMMY
ID2
DL DUMMY
IDO DUMMY
VDDOUT
80 DUMMY
FSYNC R127
VSSDOUT
EXTCK_IN R125
DUMMY
BPRE
GPRE

R RPRE

= vce C
VCC R
VSSA
DUMMY

R93
R95 R97

DUMMY DUMMY

55
©%
Pyl

DUMMY DUMMY

> The Bump on the short side of IC is not electrically connected to anywhere. 8
|
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3. 2.1 Bump Specification

Feature

- Bump Height = 12um = 3um

- Bump Area = 1200um”2 (Min.) except dummy pad

- Bump Height Tolerant (All the Lot) : Typ. Value = 3um

- Bump Height Tolerant (1 Wafer) : Typ. Value = 2um

- Bump Height Tolerant (1 Chip) : R (Max. — Min.) within 2um
- Bump Hardness 60 = 20HV

- Bump Gap = 15um ( Typ ) = 2um (Min. 11um)

- Bump Dimple < 1.5um

> The Bump on the short side of IC is not electrically connected to anywhere.

e .
e

Sio2

Metal 4

3. 2. 2 Passivation Thickness

SiN : 1300nm £ 10 %
Si02  :300nm £+ 10 %

3. 2.3 Thickness of the Chip
- 350um =+ 30um
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4. Host Interface Block Diagram

4.1. Block Diagram

VDD VSSD
D15~D2 <P
D1(SDA) <P
DO(SCL) <P
WRB/RW <>
RDB[E —p
A0 —
RSTB — I/F Circuit
csB —P (Host)
PS —5
IXS —
C80 —
ID2 —;
ID1 —>
IDO -3
4.2. Format
- 16bit Data Bus
Command
Write the Address Write the Parameter
ong EITTTT10]
Parameter
i HEITTTTTol
Write the Graphic Data
Command
ong BLITTTTI0
Parameter
2Byte = 1 Pixels (RGB)
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4.3. Timing

- Parallel Interface ( 80 Series CPU )

Function CSB WRB RDB AQ(IR) D[15:0]
Write Command L 1 L Command
Write Parameter or Data L H Parameter or Data
Read Parameter or Data L H 1 H Parameter or Data
Address Parameter / Data
AO(IR) \ / / \
CSB \ / \ /
WRB
RDB LT LT
D15:0] ><Va|id >< >< Valid ><
- Parallel Interface ( 68 Series CPU )
Function CSB RW E AO(IR) D[15:0]
Write Command L L ! L Command
Write Parameter or Data L L l H Parameter or Data
Read Parameter or Data L H l H Parameter or Data
Address Parameter / Data

AO(IR)

CSB

RW

UL

/
/
A

: I

D[15:0]

><Va|id ><
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- Serial Interface
This IC’s IF can be connected to SPI IF.
The high level of CSB signal clears the internal buffer of SDA and SCL Counter .

The 8th SCL fixes the address or data (parameter) according to AO status.

Write Timing

Address Parameter / Data

csB _\ /
& \ [\
SDA Yo7YoeYos paYo3f 2 pi}odf Yp7YpeYosfp4fosfp2o1Yoof

« | oty puprrrey
S N 0

<> Notice
- All command inputs have a priority over previous commands.

- To select Parallel/Serial Interface use PS Input. (H: Parallel L: Serial)
- Serial clock (SCL) works in the unit of 8 clocks.

12
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- 12C Interface

The bidirectional 12C bus consists of the serial clock (SCL) and serial data (SDA) lines. Both lines
must be connected to a positive supply through a pull-up resistor when connected to the output stages
of a device. Data transfer may be initiated only when the bus is not busy.

12C communication with this device is initiated by a master sending a Start condition, a high-to-low
transition on the SDA input/output while the SCL input is high (see Figure 1). After the Start
condition, the device address byte is sent, most significant bit (MSB) first, including the data direction
bit (R/W).

After receiving the valid address byte, this device responds with an acknowledge (ACK), a low on the
SDA input/output during the high of the ACK-related clock pulse.

On the 12C bus, only one data bit is transferred during each clock pulse. The data on the SDA line
must remain stable during the high pulse of the clock period, as changes in the data line at this time
are interpreted as control commands (Start or Stop) (see Figure 2).

A Stop condition, a low-to-high transition on the SDA input/output while the SCL input is high, is
sent by the master (see Figure 1).

Any number of data bytes can be transferred from the transmitter to receiver between the Start and the
Stop conditions. Each byte of eight bits is followed by one ACK bit. The transmitter must release the
SDA line before the receiver can send an ACK bit. The device that acknowledges must pull down the
SDA line during the ACK clock pulse so that the SDA line is stable low during the high pulse of the
ACK-related clock period (see Figure 3). When a slave receiver is addressed, it must generate an
ACK after each byte is received. Similarly,

the master must generate an ACK after each byte that it receives from the slave transmitter. Setup and
hold times must be met to ensure proper operation.

A master receiver will signal an end of data to the slave transmitter by not generating an acknowledge
(NACK) after the last byte has been clocked out of the slave. This is done by the master receiver by
holding the SDA line high. In this event, the transmitter must release the data line to enable the master
to generate a Stop condition.

13
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1
1
|
sCL :
1
1
1

Start Condition Stop Condition

Figure 1. Definition of Start and Stop Conditions

SDA / \

Data Line ! Change '
Stable; of Data
Data Valid Allowed

Figure 2. Bit Transfer

Data output ! T
by Transmitter !

NACK
\
ACK
9

Data output
by Receiver

SCL From
' -

Figure 3. Acknowledgement on 12C Bus
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- 12C Device ID Address

Following a START condition, the bus master must output the address of the slave it is accessing. The address is
shown in Figure 4. To conserve power, no internal pull-up resistors are incorporated on the hardware selectable
address pins and they must be pulled HIGH or LOW.

slave address

A
- N\
0 1 1 0 ID2 | ID1 | IDO | RIW
N\ J J
Y Y
Fixed programmable

Figure 4. Device ID Address

The last bit of the address byte defines the operation to be performed. When set to logic 1
a read is selected, while a logic 0 selects a write operation.

MSB bit is first transfered.

- 12C Bus Transactions
SCL J_

SDA S|112(3|4|5(6(7[0JA|1[2|3]|4]|5|6|7]|8]|A[1]|2]|3|4|5]|6]|7|8|A|P

N UL

1 1 1
“* from slave u from slave i

[\ ~ _ : — —~ i — ~ T
Slave Address ! Command byte ! Data to !
Parameter register Stop or

Repeat Start

Figure 5. Write Single Parameter Command

LE

acknowledge

%

SCL J_

write:r acknowledge

1 1
¢i¢ from slave u from slave i
SDA S{1]12|3|4|5(6|7|0JA[1[2]3]4]|5|6|7|8]A|1|2|3|4]|5|6|7|8|A] - 112(3]|4(5]|6(7|8|A|P
— — — p— — - > 1
Slave Address i Command byte i parameter to register i parameter to register Stop or
(first byte) (last byte) Repeat Start
Figure 6. Write Multi Parameter Command
15
e |
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write acknowledge

* * from slave

SDA |S|1|2(3[4]|5|6[7|0[A[1]2]|3[4]|5]|6

— s —

~—

—
Slave Address

Command byte

(re%iatfd) read acknowledge acknowledge not acknowledge
¢ ar * ¢ from slave ¢ from master from master ¢
feont)fslylof3]als|e|7|1|al1]|2]3|a]5|6]|7]8|a] e 2345678§P
— ~— -/ — ~— g ~— g
Slave Address Data from SRAM Data from SRAM
(first byte) (last byte)
Figure 7. Read From SRAM
16
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4.4. Column / Scan Driver Output Wave Form
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Gamma Correction

Table

Unit
(DCLK)
125
127

Row Overlap

0,00(0,1) (1,.0) (1.1)
Gray Scale
(Pulse Width)
PWO
PW1
PW2
PW62
PW63

2. Peak_DeIay

82 41 520 7337 www.ldt.co.kr

4. Dot Data Current(RGB)
5. Dot Peak Current(RGB)

3. PeakWidth(RGB)
6. Row Overlap

1. PreC_Width

Related Command
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5. Command Register

5.1. Command Register List & Map

Address Register Name Bit7 | Bit6 | Bit5 | Bit4 [ Bit3 | Bit2 | Bitl | Bit0 | Default
01h SOFTRES - - - - B
02h DDISPON/OFF - - - - DO 00h
03h DSTBYON/OFF - - - - Do 01h
04h DFRAME - - - M F2 F1 FoO 02h
05h WriteDirection - - - D3 D2 b1 DO 00h
06h ScanDirection - - - - DO 00h

. - - - FX6 | FX5 | FX4 00h
B - - FX3 | FX2 | FX1 | FXo 00h
B - - - TX6 | TX5 | TX4 07h
07h DispSize - - - TX3 | ™2 | ™1 | TXo0 OFh
B - - - FY6 | FY5 | FY4 00h
N - - FY3 | FY2 | FY1 | FYO 00h
N - - - TY6 | TY5 | TY4 07h
N - - TY3 | TY2 | Tyl | TYO OFh
08h IF_ BUS SEL - - - - D1 10 0oh
09h Data_Masking - - RV - R G B 07h
N - - - XS6 | XS5 | XS4 00h
- - - XS3 | XS2 | XS1 | Xso 00h
N - - - XE6 | XE5 | XE4 07h
- - - XE3 | XE2 | XE1 | XEO OFh
0AN MBoxSize - - - - Ys6 | YS5 | Ys4 00h
N - - YS3 | YS2 | YS1 | YsO 00h
. - - - YE6 | YE5 | YE4 07h
. - - YE3 | YE2 | YE1 | YEO OFh
N - - - DX6 | DX5 | DX4 00h
N - - DX3 | DX2 [ DX1 | DX0 00h
0Bh DISPStart - - - - ove | ovs | ova 00h
B - - DY3 | DY2 | DY1 | DYO 00h

LDT Inc. Mplaza3F, 538, Dujeong—dong, Seobuk—gu, Cheonan, Chungnam, 331-958, Korea

82 41520 7300

82 41 520 7337 www.ldt.co.kr

18

Verl.3



= LDT

LD7138

128(RGB)x128 65K Color OLED Column/Row Driver with Controller

5.1. Command Register List & Map

Address Register Name Bit7 | Bit6 | Bit5 | Bit4 | Bit3 | Bit2 | Bitl | Bit0 | Default
0Ch DataWrite/Read D7 D6 D5 D4 D3 D2 D1 DO -
0Dh READREG D7 D6 D5 D4 D3 D2 D1 DO -

- - - - IR7 IR6 IR5 IR4 00h
- - - - IR3 IR2 IR1 IR0 00h
- - - - IG7 IG6 IG5 1G4 00h
OEh DotCurrent
- - - - IG3 IG2 IG1 IGO0 00h
- - - - IB7 IB6 IB5 IB4 00h
- - - - IB3 1B2 IB1 IBO 00h
- - PR5 | PR4 PR3 | PR2 | PR1 | PRO 00h
OFh PeakCurrent - - PG5 PG4 PG3 PG2 PG1 PGO 00h
- - PB5 | PB4 PB3 | PB2 | PB1 | PBO 00h
10h SCLK - - - - SCLK3 | SCLK2 | SCLK1 | SCLKO 01h
1Ch PreC_Width - - D5 D4 D3 D2 D1 DO 08h
- - D5 D4 D3 D2 D1 DO 05h
1Dh PeakWidth - - D5 D4 D3 D2 D1 DO 05h
- - D5 D4 D3 D2 D1 DO 05h
1Eh PeakDelay - - - - D3 D2 D1 DO 05h
1Fh Row_Scan - - D5 D4 D3 - D1 DO 00h
30h VCC_R_SEL - - - EN - D2 D1 DO 04h
34h RGB_MODE - - - - - - - DO 00h
3Ah Gamma_Tune - - - - 13 12 11 10 00h
3Bh Gamma_Init - - - - - - - - -
3Ch Set VDD Selection - - - - . y - DO 00h
3Eh TEST - - - - - - D1 DO 00h

LDT Inc. Mplaza3F, 538, Dujeong—dong, Seobuk—gu, Cheonan, Chungnam, 331-958, Korea
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5.2. Description of Command Register

5.2.1. Normal Display Command

(1) Software Reset (0x01h)

Instruction W/R A0 D7 D6 D5 D4 D3 D2 D1 DO Default

SOFTRES w L 0 0 0 0 0 0 0 1

@ All registers are initialized with default value without altering the graphic RAM.
@ All Dot display are turned OFF.
& The OSC. is stopped.

(2) Set Dot Matrix Display ON/OFF (0x02h)

Instruction W/R A0 D7 D6 D5 D4 D3 D2 D1 DO Default

DDISP ON/OFF w L 0 0 0 0 0 0 1 0

PARAMETER w o[ H |- - - - - - - | po 00h

€ PO = 0: indicates the dot matrix display turns OFF (Default).
€ PO = 1: indicates the dot matrix Display turns ON.
#¥NOTE
Display OFF means
= All Column Output go to pre-charge level.
= All Row Output go to the ground level
= Stop Data transfer from memory to Dot Matrix Driver.

LDT Inc. Mplaza3F, 538, Dujeong—dong, Seobuk—gu, Cheonan, Chungnam, 331-958, Korea
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(3) Set Dot Matrix Display Stand-by ON/OFF (0x03h)

Instruction W/R A0 D7 D6 D5 D4 D3 D2 D1 DO Default

DSTBYON/OFF W L 0 0 0 0 0 0 1 1

PARAMETER W H - - - - - - - PO 01h

€ P0 =0 Indicates the dot oscillator is starting. And it does not make the dot matrix display turn ON.
4 PO =1 : Indicates the dot oscillator is stopping. And it make the dot matrix display OFF.
XNOTE

After software or hardware reset command is executed, it makes dot matrix display stand-by ON.

(4) Set OSC Control (0x04h)

Instruction W/R AO D7 D6 D5 D4 D3 D2 D1 DO Default
DFRAME w L 0 0 0 0 0 1 0 0
PARAMETER w H - - - - MO F2 F1 FO 02h

@ Parameter Definition _
€ OSC mode selection

E2 1 FO Frame Frequency *1) MO = 0 Internal RC Oscillation mode
= 1 External Clock mode

0 0 0 60Hz
*1) Conditions

0 0 1 75H :

z Pre-Charge_Width(Pcw) = 8
0 1 0 90Hz(Default) *2) Peak-Pulse_Width(Ppw) =5
0 1 1 105Hz Peak_Pulse_Delay(Pdw) =5

Scan Nember(Scan_N) = 128

1 0 0 120Hz *2) Osc_Frequency(Fosc) = 3.4 MHz * Division-ratio

X Refer to Set System clock division-ratio (0x10h) in page.38
Normally using 1/2 division-ratio in frame frequency calculation.

Frame Frequency(Hz) = 1/[ (1/Fosc)*( Pcw+Ppw+Pdw+129 ) * Scan_N ]

(5) Set Graphic RAM Writing Direction (0x05h)

Instruction W/R A0 D7 D6 D5 D4 D3 D2 D1 DO Default
Write Direction W L 0 0 0 0 0 1 0 1
PARAMETER w H - - - - D3 D2 D1 DO 00h

4 D3=0: indicates the Graphic RAM is accessed by order of RGB.
4 D3=1: indicates the Graphic RAM is accessed by order of BGR

Refer to Page. 39 (Memory Map)
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D[2:0] D[2:0] D[2:0] D[2:0]
XS 000 XE XS 001 X XS 100 101 XE
YS S———» Ys 4 ———— s ;
- N - R

N vV Vv Vv vy v v

—} <—.
YE vel_E

D[2:0] D[2:0] D[2:0] D[2:0]
xg 010 XE XS 011 XE xs 110 111 XE
YS ___} E YS E q——_ ‘P ‘} ‘} A A} A}
e P
. d D
vel S l vel S| YE
(6) Set Row Scan Direction (0x06h)
Instruction WIR A0 D7 D6 D5 D4 D3 D2 D1 DO Default

ScanDirection w L 0 0 0 0 0 1 1 0

PARAMETER W H - - - - - - - PO 00h

€ PO = 0: indicates row address is scanning from min. to max.

€ PO = 1: indicates row address is scanning from max. to min.

For example is as bellows;
If PO=0
|: \—> If PO=1
Graphic RAM
PANEL
22
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LD7138

128(RGB)x128 65K Color OLED Column/Row Driver with Controller

(7) Set Display Size (0x07h)

Instruction W/R A0 D7 D6 D5 D4 D3 D2 D1 DO Default
DispSize W L 0 0 0 0 0 1 1 1
1st Xstart 1 W H - - - - - FX6 FX5 FX4 00h
2nd Xstart 2 \W H - - - - FX3 FX2 FX1 FXO0 00h
3rd Xend 1 \W H - - - - - TX6 TX5 X4 07h
4th Xend 2 \W H - - - - TX3 TX2 TX1 TXO0 OFh
5th Ystart 1 \W H - - - - FY6 FY5 FY4 00h
6th Ystart 2 \W H - - - - FY3 FY2 FY1 FYO 00h
7th Yend 1 \W H - - - - - TY6 TYS TY4 07h
8th Yend 2 \W H - - - - TY3 TY2 TY1l TYO OFh

@ Setting Row and Column Outputs Range (= Active area).

@ From FX to TX

® FromFYto TY :

XNOTE

Setting Value = Pixel number -1
"Xend < Xstart” is inhibited.

Setting Value = Pixel number -1
"Yend < Ystart” is inhibited.

: The range of active Column Outputs setting. (Range : 00h up to 7Fh)

The range of active Row Outputs setting. (Range : 00h up to 7Fh)

1. The outputs that are out of setting range go to Pre_charge voltage for Column and VCC for Row.

2. Line scan frequency is same under any display size. Frame frequency is changed by DispSize command.

127

20/
<4+
o

<>

abuey NvOS

1aAg moy

Display Area

20A
4t <

Column Driver

<t <
V_Prc

Active Range
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(8) Set Interface Bus Type (0x08h)

Instruction W/R | AO | D7 | D6 | D5 | D4 | D3 | D2 | D1 | DO Default

I/F Bus Sel W L 0 0 0 0 1 0 0 0

Parameter w H - - - - - - P1 | PO 00h
P1 PO Description

- When Serial I/F and 12C,
0 0 6Bit I/F Bus ]
Interface Bus Type is must be 6BIT or 8BIT I/F Bus.

0 1 8Bit I/F Bus
1 1 16Bit I/F Bus

Instruction

Input [pe18|pe1a|DBT3|DBT2|DRTi|DBT0] DRI | RS | DB7 | DBE | DBS | DB4 | DB3 |

Instruction T =T T T 1 ~1 1~ —~1 T Rs [ Ra| R3] IR2[ IRL [ IR0 ]
1

Instruction T =T 1T 1 1~ 1~ 1L~ 1~ 1 Rs] Ra] IR3[IR2 | IR1] IR0 ]

16-Bit I/F(65K color)

1’st Transmission
Input pB15|pB14|DB13[DB12|DB11]DB10] DBY | DB8| DB7 | DB6 | DB5 | DB4 | DB3 | DB2 | DB1 | DBO
RAM WIR Rae|R3|R2]RL] RO G5 ] 1PIX(eslzlel co|[B4]B3]B2]B1] BO

8-Bit I/F(65K color)

1’st Transmission 2’'nd Transmission
Input pB7 | pB6 | DB5| DB4 | DB3 [ DB2 | DB1| DBO| DB7 | DB6 [ DB5 | DB4 | DB3 | DB2 | DB1 | DBO |
RAM W/R Rae | R3] R2]RI]RO] G5 ] G4 | c2lci]ceolBalB3]B2]B1L] BO
1 Plxel
6-Bit I/F(65K color)
1’st Transmission 1’st Transmission 1’st Transmission
Input pB5 | DB4 [ DB3 [ DB2| DB1 [ DBO | DB5 | DB4 | DB3 | DB2 | DB1 | DB1 | DBS | DB4 | DB3 | DB2 [ DB1 | DBO
raMw/R LRI R3 [ R2 [ R1 | RO | |65|G4|G_3|<32|<31|Go|B4|53|52|31|Bo
1 Pixel
24
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(9) Set Masking Data (0x09h)

Instruction W/R A0 D7 D6 D5 D4 D3 D2 D1 DO Default
Data_Masking W L 0 0 0 0 1 0 0 1
PARAMETER w H - - - RV - R G B 07h

When RV ="1”, Output Data = (Data XOR “FFFFh”) AND Pallet (R,G,B).
€ When RV ="0", Data AND Pallet(R,G,B) = Output Data
@ For example, If pallet is (0,1,1) then R data is 00h and G&B is Display Data.

(10) Set Read/Write Box Data (Ox0Ah)

Instruction W/R A0 D7 D6 D5 D4 D3 D2 D1 DO Default

MBOXSize W L 0 0 0 0 1 0 1 0

1st Xstart 1 w H - - - - - XS6 XS5 XS4 00h
2nd Xstart 2 w H - - - - XE3 XE2 XE1l XEO 00h
3rd Xend 1 w H - - - - - XE6 XES5 XE4 07h
4th Xend 2 w H - - - - XE3 XE2 XE1l XEO OFh
5th Ystart 1 w H - - - - - YS6 YS5 YS4 00h
6th Ystart 2 W H - - - - YS3 [ YS2 [ YS1 | YSO 00h
7th Yend 1 W H - - - - - YEG6 YES YE4 07h
8th Yend 2 W H - - - - YE3 YE2 YE1 YEO OFh

XS6-XS0 : X axis Reading/Writing Start Point (Range: 00h ~ 7Fh)
€ XE6-XEO : X axis Reading/Writing End Point (Range: 00h ~ 7Fh)
“XE < X8 is inhibited.

@ YS6-YSO : Y axis Reading/Writing Start Point (Range: 00h~7Fh)
@ YE6-YEO : Y axis Reading/Writing Start Point (Range: 00h~7Fh)
“YE<YS’ is inhibited.

@ After this command executes, writing address is set like under table.

Writing Direction Mode X address Y address
00 XS YS
01 XE YS
10 XS YE
11 XE YE

XNOTE : Refer to the Writing Direction Set Command.

LDT Inc. Mplaza3F, 538, Dujeong—dong, Seobuk—gu, Cheonan, Chungnam, 331-958, Korea
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(11) Set Display Start Address (0x0Bh)

Instruction W/R | AO D7 D6 D5 D4 D3 D2 D1 DO Default
DISPStart W L 0 0 0 0 1 0 1 1
1st Parameter w H - - - - - DX6 DX5 DX4 00h
2nd Parameter w H - - - - DX3 DX2 DX1 DX0 00h
3rd Parameter w H - - - - - DY6 DY5 DY4 00h
4th Parameter w H - - - - DY3 DY2 DY1 DYO 00h
€ This command shift the memory reading address.
€ DX6-DX0 : X axis Reading Start address. (Range: 00h ~ 7Fh)
€ DY6-DY0 : Y axis Reading Start address (Range : 00h ~ 7Fh)
DX
0(00h) 127(7Fh) Co c127
0(00h) / 0
DY m .
“Graphic RAM OLED Display
Panel
127(7Fh R127
26
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(12) Read/Write Dot matrix Display Data (0OxOCh)

Instruction wRr | A0 | D7 D6 D5 D4 D3 D2 D1 DO
DataWrite/Read w L 0 0 0 0 1 1 0 0
Alp|p|p|po|p|po|p|lp|lp|p|lp|p|lp|Dp|D]|D
Parameter Mode | WIR | o 1511411312 11|10| 0|8 |7 |6|5|a|3]|2]1]0
16 BitWrite/Read | WR [H|R|R|R|R|R|G|G|c|c|c|c|B|B|B|B]|B
al3f2]1]lols|a|3|2]|1]lo|a]l3]|2]|1]o0

Parameter Mode W/R A0 D7 D6 D5 D4 D3 D2 D1 DO

8 Bit Write/ Read w H R4 R3 R2 R1 RO G5 G4 G3

8 Bit Write/ Read w H G2 Gl GO B4 B3 B2 B1 BO

Parameter Mode W/R A0 D7 D6 D5 D4 D3 D2 D1 DO

6Bit Write/ Read W/R H - - R4 R3 R2 R1 RO -
6Bit Write/ Read W/R H - - G5 G4 G3 G2 G1 GO
6Bit Write/ Read W/R H - - B4 B3 B2 Bl BO -

€ This command can’t write data in the out of reading / writing-box.

€ Address is auto increment acceding to WriteDirection setting direction.

€ When memory address increment/decrement is reached at the end of reading /writing-box
memory write finish.

@ If you read / write again, re-inter “Data Write/Read” command.

LDT Inc. Mplaza3F, 538, Dujeong—dong, Seobuk—gu, Cheonan, Chungnam, 331-958, Korea
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€ Data Write Sequence

Seq. |RW | AO 16Bit DATA BUS 8 Bit DATA BUS 6 Bit DATA BUS

1 W L Data Write/ Data Write/ Data Write /
Read command Read command Read command
Write 15t Parameter Write 18t Write 1st
2 w H
Upper Parameter. Upper Parameter.
3 W H Write 2" Parameter Write 15t Write 15t
Lower Parameter. Middle Parameter.
Write 15t
4 W H Lower Parameter.
N+1 W H Write nth Parameter
Write nth
2N w H Upper Parameter.
Write nth

2N+1 | W H Lower Parameter.

Write nth

3N-1| W H Upper Parameter.
Write nth

3N w H Middle Parameter.
Write nth

3N+1 | W H Lower Parameter.

@ Data Read Sequence

Seq. | RW | A0 16 Bit Mode DATA BUS 8 Bit Mode DATA BUS | 6 Bit Mode DATA BUS
1 W L DataWrite/ Data Write/ Data Write/
Read command Read command Read command
2 R H Dummy Dummy Dummy
3 R H Read 1st Parameter Dummy Dummy
Read 2" Parameter Read 1%t Dummy
4 R H
Upper Parameter.
5 R H Read 1st Read 1%t
Lower Parameter. Upper Parameter.
Read 1%t
6 R H Middle Parameter.
Read 1st
’ R H Lower Parameter.
N+2 R H Read nth Parameter
Read nth
2N+2 R H Upper Parameter.
ON+3 R H Read nth
Lower Parameter.
Read nth
SN+2 R H Upper Parameter.
Read nth
3N+3 R H Middle Parameter.
Read nth
3N+4 R H Lower Parameter.

LDT Inc. Mplaza3F, 538, Dujeong—dong, Seobuk—gu, Cheonan, Chungnam, 331-958, Korea
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128(RGB)x128 65K Color OLED Column/Row Driver with Controller

(13) Read Register Status (0x0Dh)

Instruction W/R A0 | D7 D6 D5 | D4 | D3 | D2 | D1 | DO Default
READREG w L 0 0 0 0 1 1 0 1
Parameter R H - - D5 | D4 | b3 | D2 | D1 | DO
R H - -
Parameter R H - - D5 D4 D3 D2 D1 DO

@ Read out specific internal register

Order Register
1 DDISP_ON/OFF, DSTBY_ON/OFF
2 DispSize XS<6:4>
3 DispSize XS<3:0>
4 DispSize XE<6:4>
5 DispSize XE<3:0>
6 DispSize YS<6:4>
7 DispSize YS<3:0>
8 DispSize YE<6:4>
9 DispSize YE<3:0>
10 Row Overlap<1:0>

LDT Inc. Mplaza3F, 538, Dujeong—dong, Seobuk—gu, Cheonan, Chungnam, 331-958, Korea
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(14) Set Dot Matrix Current Level (OxOEh)

Instruction W/R A0 D7 D6 D5 D4 D3 D2 D1 DO Default
DotCurrent W L 0 0 0 0 1 1 1 0
1st Parameter W H - - - - IR7 IR6 IR5 IR4 00h
2nd Parameter W H - - - - IR3 IR2 IR1 IRO 00h
3rd Parameter W H - - - - IG7 IG6 IG5 1G4 00h
4th Parameter W H - - - - IG3 1G2 IG1 1GO 00h
5th Parameter W H - - - - IB7 IB6 IB5 B4 00h
6th Parameter W H - - - - IB3 B2 IB1 IBO 00h
@ Parameter Definition (1.0uA Step)
I[7:0] Output Current [Iref]
00h 0.0 UA
01h 1.0 uA
FEh 254.0 uA
FFh 255.0 UA
(15) Set Dot Matrix Peak Current Level (OxOFh)
Instruction W/R A0 D7 D6 D5 D4 D3 D2 D1 DO Default
PeakCurrent W L 0 0 0 0 1 1 1 1
1st Parameter W H - - PR5 PR4 PR3 PR2 PR1 PRO 00h
2nd Parameter W H - - PG5 PG4 PG3 PG2 PG1 PGO 00h
3rd Parameter W H - - PB5 PB4 PB3 PB2 PB1 PBO 00h

€ Parameter Definition (16uA Step)

1[7:0] Output Current [Iref]
00h 0.0 uA

01h 16.0 uA

3Eh 992.0 UA

3Fh 1008.0 uA

30
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(16) Set Pre-Charge Width (0x1Ch)

Instruction W/R | AO D7 | D6 D5 D4 | D3 | D2 D1 DO Default
PreC_Width W L 0 0 0 1 1 1 0 0
1st Parameter w H - - T5 T4 T3 T2 T1 TO 08h

@ Parameter Definition (DCLK Unit)

T[5:0] Pre-Charge Pulse Width
01h 1
08h 8 (Default)
3Eh 62
3Fh 63

€ Parameter Range :

01h ~ 3Fh
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128(RGB)x128 65K Color OLED Column/Row Driver with Controller

(17) Set Peak Pulse Width (0x1Dh)

Instruction

W/R

AO | D7 | D6 D5

D4

D3

D2

D1

DO

Default

PeakWidth

1st Parameter

W5

w4

W3

W2

w1

WO

05h (for Red)

2nd Parameter

W5

w4

W3

W2

w1

WO

05h (for Green)

3rd Parameter

2|22l

I|xT|xT|r—

W5

w4

W3

W2

w1

WO

05h (for Blue)

@ Parameter Definition (DCLK Unit)

WI[5:0]

Peak Pulse Width

00h

0

01h

1

05h

5 (Default)

3Eh

62

3Fh

63

(18) Set Peak Pulse Delay (Ox1Eh)

Instruction

W/R

A0 | D7 | D6 D5

D4

D3

D2

D1

DO

Default

PeakDelay

Parameter

W3

w2

W1

WO

05h

& Parameter Definition (DCLK Unit)

W[3:0] Peak Pulse Width
00h 0
01lh 1
05h 5 (Default)
OEh 14
OFh 15
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(19) Set Row Scan Operation (Ox1Fh)

Instruction WI/R AO D7 D6 D5 D4 D3 D2 D1 DO Default
Row_Scan w L 0 0 0 1 1 1 1
Parameter w H - - D5 D4 D3 D1 DO 00h
ALL Row output voltage is VCC_R
VCC_R
Row(n-1) GND
VCC_R
Row(n) GND
Iref(n) l GND

<

<

_ [*™lIpeak_boot
peak_delay
pre-charge

€ Row Output VCC_R timing setting table

D5 D4 All Row VCC_R Time

0 0 None (Default)

0 1 Pre-Charge Timing

1 0 Pre-Charge + Peak Delay Timing

1 1 Pre-Charge + Peak Delay + Max(RGB)Peak boot Timing

& Parameter Definition
D3=0 Normal Scan.
D3=1 All Row are in GND.

€ Row Scan Sequence

D1,D0 Row Scan Mode
00 Mode 1 : alternate scan mode. (Default)
01 Mode 2 : sequential scan mode.
10 Mode 3 : simultaneous scan mode. (half period)
D1,D0 | DispDirection Case of 96 Line Scan
0 RO,R1,R2 ..... R126,R127,R0,R1
00 1 R127,R126,R93 ..... R1,R0,R127,R126
0 RO,R2,R4 ..... R126,R1,R3, ..... R127R0
ot 1 R127,R125,R91 ..... R1,R126,R124 ..... RO,R127
0 RO,R2 ..... R126,R0,R2 .....
R1,R3 ..... R127,R1,R3 .....
10 1 R127,R125 ..... R1,R127,R125 .....
R126,R124 ..... RO,R126,R124 .....

4 In Mode 3, Maximum Row number is 64 line at Display Size setting.

82 41520 7300
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(20) Set Internal Regulator for Row Scan (0x30h)

Instruction W/R | AO D7 D6 D5 D4 D3 D2 D1 DO Default
VCC_R_SEL W L 0 0 1 1 0 0 0 0
Parameter W H - - - EN - D2 D1 DO 04h

4 EN = “1” => Internal scan regulator enable

4 EN = “0” => Internal scan regulator disable
* VCC_R pin must be connected to the external voltage source or VCC_C.

When DSTBON/OFF = "1", Internal scan regulator is disable regardless of EN ="1" or EN ="0".

D[2:0] VCC_R
000 VCC_C X 0.85
001 VCC_C X 0.80
010 VCC_C X 0.75
011 VCC_C X 0.70
100 VCC_C X 0.65

LDT Inc. Mplaza3F, 538, Dujeong—dong, Seobuk—gu, Cheonan, Chungnam, 331-958, Korea
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(21) Set Gamma Correction Table (0x3Ah)

instrucTion  |WR| A0 [ D7 | D6 [ D5 | D4 | D3| D2 | D1 | DO| Defautt
Gamma Tune W\ L 3 A
- w | H - -Twe[i5]a 00h N
- W[ H -l - lr{]o 00h
W | H -l -1 -116|I5]14 00h
R_PWI W | H -l - Blr{nn]o 04h
1
| I: 64 Parameters
1
W | H -l -] -1.fI15] 14 07h
R_PW30 W | H -l - Blr{]o 08h
R PWaL W[ H -l -1 -1w6|I5]14 07h
- W | H -l -l r{nn]o OFh N2
W | H T -T-Tw|[5] 00h N
G_PWO W[ H -l - lr{]o 00h
— W[ H -l -1 -116|I15]14 00h
- W | H -l -l r{nn]o 02h
1
' | 128 Parameters
I 1
G PWE2 W | H -l -] -1 fI15]14 07h
- W[ H -l - lr{]o 0Ch
W[ H -l -1 -1mw,f15]14 7h
G_PW63 61 0
W | H -l - Blr{n]o OFh R (____
W[ H -l -1 -116|I15]14 00h
B_PWO
- W | H S I < T I 2 I A A ) 00h
B PWL W | H -l -] -|w,]|I5]14 00h
- ARG - lr{]o 04h
1
| I: 64 Parameters
1
B PW30 W[ H -l -] -1w,|[IB] 14 07h
- W | H -l -l lrj]o 08h
B PWaL W | H -l -] -1w,]|I5]14 07h
- W[ H -l - lr{]o OFh N
(22) Set Gamma Correction Table Initialize (0x3Bh)
Instruction W/R A0 D7 D6 D5 D4 D3 D2 D1 DO Default
Gamma_initial W L 0 0 1 1 1 0 1 1
- This command initialize the Gamma Table to the linear scale.
Linear Scale : 00h, 02h, 04h, 08h, .......... , 7TAh, 7Ch, 7Fh ( Green)
Linear Scale : 00h, 04h, 08h, OCh, .......... , 74h, 78h, 7Fh ( Red, Blue)
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(23) Set VDD Selection (0x3Ch)

Instruction W/R A0 D7 D6 D5 D4 D3 D2 D1 DO Default
VDD_SEL w L 0 0 1 1 1 1 0 0
Parameter w H - - - - - - - DO Oh

© VDD = 2.8V, [D0=0 ] = Default
@ VDD = 1.8V, [D0=1]

€ This command maintains V_ref level constant regardless of various VDD level.

vYDD VDD

V_ref

1

1
1 1
1 1
| —O—
1 1
1 1
' ' I_ref
1 1
1 1
1 1
1 1
1 1
1 1
1 1
] 1

VDD_SEL[0]
36
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(24) Set TEST (0x3Eh)

Instruction W/R | AO D7 D6 D5 D4 D3 D2 D1 DO Default
TEST w L 0 0 1 1 1 1 1 0
Parameter w H - - - - - - D1 DO Oh
€ D[1:0] =00 : FSYNC outputs VSS (Low).
D[1:0] = 01 : FSYNC outputs frame sync signal.
D[1:0] = 10 : FSYNC outputs oscillator clock.
D[1:0] = 11 : FSYNC outputs SCLK.
(25) Set RGB_MODE Selection (0x34h)
Instruction W/R A0 D7 D6 D5 D4 D3 D2 D1 DO Default
RGB_MODE w L 0 0 1 1 0 1 0 0
Parameter w H - - - - - - - DO Oh

4 D[0] =0 : RGB MODE (default).

D[0] = 1 : GRAY MODE

In GRAY MODE,

R, G, B Paremeter is same value setting at DotCurrent(OEh), PeakCurrent(OFh), PeakWidth(1Dh)

LDT Inc. Mplaza3F, 538, Dujeong—dong, Seobuk—gu, Cheonan, Chungnam, 331-958, Korea

L. 82 41520 7300 FAX 82 41520 7337 www.ldt.co.kr

37

Verl.3



= LDT

LD7138

128(RGB)x128 65K Color OLED Column/Row Driver with Controller

(26) Set System clock division-ratio (0x10h)

Instruction W/R A0 D7 D6 D5 D4 D3 D2 D1 DO Default
SCLK w L 0 0 0 1 0 0 0 0
Parameter W H - - - - SCLK3|SCLK2|SCLK1|SCLKO 01h

€ SCLK[3:0] : Selection of clock dividing ratio ( for Display Control)

1111 = not used
1110 =1/1024
1101 =1/512
1100 = 1/256
1011 =1/128
1010 =1/64
1001 =1/32
1000 = 1/24
0111 =1/16
0110=1/12
0101 =1/8
0100=1/6
0011 =1/4
0010=1/3
0001 = 1/2 Through (Master Clock Frequency)
0000 = nor used

This Register is to set the system clock (SCLK) dividing ratio of the pre-scalar. The
Maximum dividing ratio of master clock is 1024 and it is possible to let the clock go through
without dividing.

LDT Inc. Mplaza3F, 538, Dujeong—dong, Seobuk—gu, Cheonan, Chungnam, 331-958, Korea
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6. Functional Description

6.1. Memory Map

LD7138

128(RGB)x128 65K Color OLED Column/Row Driver with Controller

Memory ( 65K Color Mode )

Display ( 65K Color Mode )

1 Pixels
MSB LSB p A -
<15:11> <10:5> <4:0>
Co Cl Cc2
Red Green Blue I:>
Red Green Blue
1 Address = 1 Pixels (Default)
WriteDirection = 00h
Memory (65K Color Mode ) Display (65K Color Mode )
1 Pixels
MSB LSB _ D -
<15:11> <10:5> <4:0>
Cco C1l C2
Red Green Blue I:>
Blue Green Red
1 Address = 1 Pixels
WriteDirection = 08h
Memory (65K Color Mode ) Display (65K Color Mode )
1 Pixels
i~ —"~ Y
<15:11> <10:5> <4:0>
Co C1 Cc2
Red Green Blue I:>
Red Green Blue
1 Address = 1 Pixels (Default)
Column
Memory X Address
00h 01h 02h | ======------------ 7Eh 7Fh
9 0oh | (00,00) | (01,00) | (02,00) (7E,00) | (7F,00)
L oth | (00,01) | (01,01) | (02,01) | =777t TTTTTTTos (7€,01) | (7F,01)
% 1 1 S~o 1
< | | |
> 1 1 el 1
> ! !
x5 : - - !
= 7Eh | (007E) | (0L7E) | @27E) [ (TE7E) | (TF,7E)
S 7Fh | (00,7F) | (01,7F) | (02,7F) (7TE,7F) | (7F,7F)

LDT Inc. Mplaza3F, 538, Dujeong—dong, Seobuk—gu, Cheonan, Chungnam, 331-958, Korea
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6.2. The Command List synchronized to FSYNC.

These listed commands are synchronized to FSYNC.

Address Register Name
02h DDISPOFF
06h ScanDirection
0% DataMasking
0Bh DispStart
OEh DotCurrent
3Dh DMODE

R(n-1)

R(n)

R(0)

FSYNC

FSYNC is activated by TEST Command (3Eh=01h).

40
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7. Software Reset

Software Reset (SOFTRES(01h)) has auto-clear-function (within 200ns).
In the Software Reset condition, this IC’s function is as follows:

- Display OFF

- Clock Oscillation Halt

- Register Writing is impossible (IF operation halt)

- Internal register (Except the Graphic Data) value is initialized.

8. Hardware Reset (RSTB)

This pad ignores the pulse shorter than 30ns.
In the Hardware Reset condition, this IC’s function is as follows:
- Display OFF
- Clock Oscillation Halt
- Register Writing is impossible (IF operation halt)
- Internal register (Except the Graphic Data) value is initialized.

9. Software Sleep

Software Sleep function (DSTBYON/OFF (03h)) makes this I1C shift to sleep condition. In the Software
Sleep Condition, all display functions are halted and a clock oscillation is suspended, and power consumption
is going to the lowest. The default value of this register is “H” (active condition).

All of the internal state in the software sleep and the contents of the data memory are held.

In the Software Sleep condition, this IC’s function is as follows:
- Display OFF
- Clock Oscillation Halt
- It is possible to write the Data Memory and the Register.

* After Software Sleep, the register of DDISPON/OFF(02h) is cleared.

41
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10. Electrical Characteristics

10.1. Absolute Maximum Ratings

10.1.1. Controller Driver Section

(Ta=25 + 2 °C, VSSA=VSSD=0V)

Specification

Parameter Symbol Conditions Unit
MIN MAX
VDD VDD - VSSD -0.3 +3.6 \
VDDL -
VDDL VSSD -0.3 +2.4 \
Maximum
Supply VCC_C V\(iggi - 03 21 Vv
Voltage
R/G/BPRE PRE - VSSA -0.3 +7 \
VCC_R -
VCC_R VSSA -0.3 +20 \
. . VDD
Protection Voltage VDDIN All Terminals -0.3 103 \%
Protection Current li All Terminals -15 mA
Peak Output Current lo All Terminals +15 mA
Operating Ambient Temp. TOPR -40 +85 °C
Retention Ambient Temp. TSTG -55 +125 °C

LDT Inc. Mplaza3F, 538, Dujeong—dong, Seobuk—gu, Cheonan, Chungnam, 331-958, Korea
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10.2. Allowance Operating Range

10.2.1. Controller Driver Section
(Ta =25°C, VSSA=VSSD=0V)

Specification
Parameter Symbol Conditions Unit
MIN TYP MAX
VDD VDD - VSSD 2.8 3.6 \Y%
VDDL VDDL - VSSD 1.8 2.0 V
Maximum VCC C VAH - VSSA 8 20 \Y
Supply
Voltage R/G/BPRE PRE - VSSA 0 6 \%
VCC_R | VCC_R-VSSA 2.0 20 \Y;
VSSD(A) 0 V
Input Voltage VIH Logic Input 0.8/DD VDD v
High Terminals
Input Voltage VIL Logic Input VSS 0.2VDD v
Low Terminals
Logic Output
Output Voltage VOH Terminals 0.9VDD VDD v
(High) VDD=3V
(lout = -200uA)
Logic Output
Output Voltage VOL Terminals VSS DD v
(Low) VDD=3V
(lout = 200uA)
Input Leakage Logic Input
! IH -1.0 +1.0 uA
Current (High) Terminals
Input Leakage m Logic -Input 10 1.0 UA
Current (Low) Terminals

LDT Inc. Mplaza3F, 538, Dujeong—dong, Seobuk—gu, Cheonan, Chungnam, 331-958, Korea
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10.2.2. Controller Driver Section

(Ta=25°C, VSSA=VSSD=0V, VDD=2.8V, VCC_C=VCC_R=18V, R/G/BPRE=0V)

Specification
. Related .
Parameter Symbol Conditions Pi Unit
Ins MIN | TYP [ MAX
lout = 100uA
_Outpu_t Current Cptpl CO ~ C287 -2.0 +2.0 %
Pin to Pin Evenness VDS =5V
Output Current ; lout = 100uA - 0
Chip In Evenness Ccinl VDS = 5V C0 ~C287 -4.0 +4.0 %
Output Current lout = 100uA .
Chip to Chip Evenness Cetcl VDS =5V o~ c287 6.0 6.0 %
Peak Current lout = 512uA
~ - 0
Pin to Pin Evenness Cptp2 VDS =8V €O~ Ca81 20 +20 "
lout = 512uA
Reak Current Cein2 C0~C287 -4.0 +4.0 %
Chip In Evenness VDS =8V
lout = 512uA
_ Peak (_:urrent Cete? CO ~ C287 -6.0 +6.0 %
Chip to Chip Evenness VDS =8V
- VCC_C=16V, PRE=0V
COUT. PRE RALonl - CO0 ~ C287 300 500 Q
On Resistance VDS =1V
VCC_C=16V,
Onresisnee | Rk [VECReLOV, R0~ Ros A
ILOAD=50mA
VCC_C=16V,
VDS=1V
Stand-By IDD1  |PSEL=VDD VDD 30 uA
Current
Stand-By VCC_C
Current ICC1 VCC R >0 uA
Operating IDD2 VDD 1 2 mA
Current
Operating VCC_C
Current IcC2 VCC_R 2 > mA
[Note]

lavg : >'(Ik — k+1) / 384 : (k = 1 ~ 384)
Cptp : (Ik—Ik+1) / lavg : (k =1 ~ 384)
Ccin : (Imax — Imin) / lavg
Cctc : (lavg — lIref (SPEC) ) / Iref (SPEC)
Operating Current : lout=100uA, All Data On, Frame Frequency = 120Hz, VCC_C=VCC_R=16V, VDD=2.8V,

All Column & Scan Open, Display Full Size, Others default
44
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(Ta=25°C, VSSA=VSSD=0V, VDD=2.8V, VCC_C=VCC_R=18V, R/G/BPRE=0V)

Symbol Parameter Conditions MIN TYP MAX UNIT
Low Logic
Output Level Vop> 2V 0.0 N 0.4 v
VoL (open-drain) at 3mA
sink current
Vi < 2V 0.0 — 0.2*V,
at SDA, SCL ( 12C) bb bo
Low-Level output VOL =0.4V 3 i i
loc Current ( 12C) mA
VOL =0.6V 6 —
10.3. AC Characteristics
10.3.1. Clock Timing
(Ta =25°C, VSSA=VSSD=0V, VDD=2.8V, VCC_C=VCC_R=18V, R/G/BPRE=0V)
Specification
Parameter Symbol Conditions Unit
MIN TYP MAX
Internal Oscillation | . | r3-05.c, vDD=2.8V | 30 | 336 | 37 MHz

Frequency

OSC. Frequency is based on frame frequency 90Hz. (04h/02h)
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10.3.2. Host Interface Characteristics

10.3.2.1. Parallel Interface

Writing Timing for 80Series CPU

(Ta =25°C, VSSA=VSSD=0V, VDD=2.8V, VCC_C=VCC_R=18V, R/G/BPRE=0V, CL=100pF)

Specification
Parameter Symbol Related Pins Unit
MIN MAX
Write Cycle Time Tcyc WRB 100 - ns
Address Setup Time Twads A0 50 ns
Address Hold Time Twadh A0 20 ns
Select Setup Time Tews CSB 10 ns
Select Hold Time Tcwh CSB 20 ns
Write Low Pulse Width Twrbl WRB 30 ns
Write High Pulse Width Twrbh WRB 40 ns
Select High Pulse Width Tcsbh CSB 10 ns
Data Setup Time Twdts D15 ~D0 10 ns
Data Hold Time Twdth D15~ D0 30 ns
Rising Time Tr A0, CSB, WRB, D15 ~ D0 - 30 ns
Falling Time Tf A0, CSB, WRB, D15 ~ DO - 30 ns
Tcyc
Twads Twadh
Ao A X
< > Tcwh
CSB Tcws
Tesbh
| Twrbl
WRB \ Twrbh
| Twdts Twdth
D[15:0} * X
<
A0, CSB,WRrRB, ____I'| J——
D[15:0]
)
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Writing Timing for 68 Series CPU

(Ta = 25°C, VSSA=VSSD=0V, VDD=2.8V, VCC_C=VCC_R=18V, R/G/BPRE=0V, CL=100pF)

Specification
Parameter Symbol Related Pins Unit
MIN MAX
Write Cycle Time Teyc E 100 - ns
Address Setup Time Twads A0, RW 50 ns
Address Hold Time Twadh A0, RW 20 ns
Select Setup Time Tcws CSB 10 ns
Select Hold Time Tcwh CSB 20 ns
Write Low Pulse Width Tel E 40 ns
Write High Pulse Width Teh E 30 ns
Select High Pulse Width Tcsbh CSB 10 ns
Data Setup Time Twdts D15~ D0 10 ns
Data Hold Time Twdth D15~ D0 30 ns
Rising Time Tr A0, CSB, RW, E, D15 ~ DO - 30 ns
Falling Time Tf A0, CSB, RW, E, D15 ~ D0 - 30 ns
Tcyc
Twads Twadh
<—>
AO X
RW(WRB) l(
< > Tcwh
CSB Tews
Tcsbh
E(RDB) Teh Tel 1
| Twdts Twdth |
D[15:0} * *
<
IR,CSB, ____ I | —
WRB,D[700 VL
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Reading Timing for 68 Series CPU

(Ta = 25°C, VSSA=VSSD=0V, VDD=2.8V, VCC_C=VCC_R=18V, R/G/BPRE=0V, CL=100pF)

Specification
Parameter Symbol Related Pins Unit
MIN MAX
Read Cycle Time Teyc E 500 - ns
Address Setup Time Trads A0, RW 50 ns
Address Hold Time Tradh A0, RW 20 ns
Select Setup Time Ters CSB 10 ns
Select Hold Time Tcrh CsSB 20 ns
Read Low Pulse Width Tel E 200 ns
Read High Pulse Width Teh E 200 ns
Select High Pulse Width Tcsbh CSB 10 ns
Data Delay Time Trdtd D15 ~D0 - 150 ns
Data Hold Time Trdth D15~ D0 20 ns
. . A0, CSB, RW, E,
Rising Time Tr D15 ~ DO - 30 ns
. . A0, CSB, RW, E,
Falling Time Tf D15 ~ DO - 30 ns
Trads Teye
Tradh
X
A0
1
\
RW(WRB) )
< > Tcrh
CSB Tcrs
Tcsbh
Taon
E(WRB)
D[15:0}
A0, CSB,
RW, E, D[7:0]
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10.3.2.2. Serial Interface
Writing Timing

(Ta = 25°C, VSSA=VSSD=0V, VDD=2.8V, VCC_C=VCC_R=18V, R/G/BPRE=0V, CL=100pF)

Specification
Parameter Symbol Related Pins Unit
MIN MAX
Write Cycle Time Tecyc SCL(DO0) 100 - ns
Address Setup Time Tswds A0 65 ns
Address Hold Time Tswdh A0 35 ns
Select Setup Time Tews CSB 65 ns
Select Hold Time Tcwh CSB 35 ns
SCL Low Pulse Width Tscll SCL(DO0) 45 ns
Write High Pulse Width Tsclh SCL(DO0) 45 ns
Select High Pulse Width Tcsbh CSB 30 ns
Data Setup Time Twdts SDA(D1) 20 ns
Data Hold Time Twdth SDA(D1) 30 ns
Rising Time Tr A0, CSB, SDA, SCL - 30 ns
Falling Time Tf A0, CSB, SDA, SCL - 30 ns
Tswds Tswdh
A X 8th SEL ><
VIL VAL|D
Tcws Tcyc Tewh
VIH
CSB /
viL Tcsbh
VIH
SCL (DO0) \
VIL
Twadts | Twdth
VIH \/ v
SDA(D1 Data
O A A
A0, CSB,SDA,SCL ___I'"| _lm——— .
49
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10.3.2.3. 12C Interface
Writing Timing

(Ta = 25°C, VSSA=VSSD=0V, VDD=2.8V, VCC_C=VCC_R=18V, R/G/BPRE=0V, CL=100pF)

Standard mode Fast mode )
Symbol Parameter Unit
MIN MAX MIN MAX
Tl SCL clock frequency 0 100 0 400 kHz
¢ bus free time between a STOP and 47 ) 13 i Us
BUF START condition ' '
thp.sta hold time (repeated) START condition 4.0 - 0.6 - us
set-up time form a repeated START
fsusa condition 47 ) 06 ) N
tsu.sto set-up time for STOP condition 4.0 - 0.6 - us
tsu.pAT data set-up time 250 - 100 - ns
typ.oTA data hold time 0 - 0 - ns
typ.ack data valid acknowledge time 0.3 3.45 0.1 0.9 us
typ:paT data valid time 300 - 50 - ns
tow LOW period of the SCL clock 4.7 - 1.3 - us
thich HIGH period of the SCL clock 4.0 - 0.6 - us
t; fall time of both SDA and SCL signals - 300 - 300 ns
t, rise time of both SDA and SCL signals - 1000 - 300 ns
pulse width of spikes that must be
tsp suppressed by the input filter 0 50 0 50 ns
‘tSli; BTA
T ——
SCL /
faup
"""" I\
SDA /
T y
> <
tHD;STA tSU;DAT tHD;DAT tVD;DAT tVD;ACK tSU;STO
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10.3.2.4. Reset Timing

(Ta=25°C, VSSA=VSSD=0V, VDD=2.8V, VCC_C=VCC_R=18V, R/G/BPRE=0V, CL=100pF)

Specification

Parameter Symbol Related Pins Unit
MIN MAX
The completion Time
of Reset Trstl RSTB 30 (Typ.) ns
Reset Low Pulse
Width Trst2 RSTB 1000 ns
RSTB non-overlap
Trst3 RSTB, CSB 100 ns
to CSB

* RSTB pad ignores typically the pulse width less than 30ns.

RSTB —\I Trst2

~——

Trstl

(Status) Reset State X Reset Release

CSB \
Trst3 \

RSTB Noise Canceller

Noise Canceller
———> To Internal Block
RSTB D (Delay 30ns)
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10.4. Power Sequence

PSEL = VDD, CvbbL = 2uF

90% \
VDD
10%
<> <>
Tpl Tpif
Tpdr2 Tpdf2
90% A
VCC_C
(VCC_R) 10%
<> <>
Tp3r Tp3f
Trst [

RSTB

(Ta = 25°C, VSSA=VSSD=0V, VDD=2.8V, VCC_C=VCC_R=18V, R/G/BPRE=0V, CL=100pF)

Specification
Parameter Symbol Related Pins Unit
MIN TYP MAX
VDD On Slope Tplr
VDD 0.2 1 5 ms/V
VDD Off Slope Tplf
VCC_C(VCC_R) On Slope Tp3r
VCC_C(VCC_R) 0.2 1 5 ms/V
VCC_C(VCC_R) Off Slope Tp3f
From VDD to VDD,
Tpdr2 2 - - ms
VCC_C(VCC_R) Delay VCC_C(VCC_R)
From VCC_C(VCC_R) VDD,
Tpdf2 2 - - ms
to VDD Delay VCC_C(VCC_R)
From VDD to H/W Reset VDD,
Trst 30 - - ms
Release RSTB
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10.4. Power Sequence (‘CONT) PSEL =VSS
90% A
VD / Tpdrl Tpdfl \
10% ) g pall =
<
Sohiry
Tpir
90% \
VDDL Tpdr3
Tpdf3
10% P =
> <>
Tp2r Tp2f
90% A
VCC _C
(VCC_R) 10%
<> <>
Tp3r Tp3f
RSTB st /’
(Ta =25°C, VSSA=VSSD=0V, VDD=2.8V, VCC_C=VCC_R=18V, R/G/BPRE=0V, CL=100pF)
Specification
Parameter Symbol Related Pins Unit
MIN TYP MAX
VDDL On Slope Tp2r
VDDL 0.2 1 5 ms/V
VDDL Off Slope Tp2f
From VDD to VDD,
Tpdrl 1 - - ms
VDDL Delay VDDL
From VDDL VDD,
Tpdfl 1 - - ms
to VDD Delay VDDL
From VVDDL to VDDL,
Tpdr3 1 - - ms
VCC_C(VCC_R) Delay VCC_C(VCC_R)
From VCC_C(VCC_R) VDDL,
Tpdf3 1 - - ms
to VDDL Delay VCC_C(VCC_R)
From VDD to H/W Reset Trst VDD, 30 ) ) ms
Release RSTB
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11. Application Guide

11.1 Serial I/F User Guide

The condition of serial I/F initialization is that CSB should go from “Low” to “High” .

T1 T2

CSB

\4
scL  —__xnnnannnnn--Jut JuUuUx X[ LT

TTTTTTTT (A I

2 3456 78 5 6 7 8 12

Notel. At T1, Serial Shift Register and Serial Clock Counter are initialized.
Note2. From T1 to T2, inputted SCL is ignored.

11.2. Internal Regulator for Logic Power

PACKAGE PACKAGE

Driver IC Driver IC

1uF~4.7uF/5V1

-
Power Supply i VDDI J-

i Power Suoplv| | | VDDEE
| ower Supply | VoD J-
: O .

VDD
@ REG. Logic REG. Logic
VDD VDD
PSEL PSEL
<_|_g ¢
| GND GND
1
VDD=3.3V ~ 2V VDD=1.9V ~ 1.65V
VDD Reg. ON VDD Reg. OFF
54
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11.3 User Guide using Software Reset command.

14.3.1 Serial I/F

Software Reset is issued.

\l/ Min. 200ns

soL :X_ﬂﬂﬂ_|l_ﬁl:rrl_|u§

(A

6 7 8

T1

In the case of Software Reset Command
Minimum 200ns is necessary from 8th SCL up-edge to next 1st SCL up-edge.
Even though CSB is set to High at the T1 timing, minimum 200ns is needed.

14.3.2 Parallel I/F (80 Mode)

Software Reset is issued.

A TaE——
Min. 200ns!

WRB U U

G
—

In the case of Software Reset Command
Minimum 200ns is necessary from WRB up-edge to next WRB up-edge.

14.3.3 Parallel I/F (68 Mode)

Software Reset is issued.

EI_II_I# il

(RDB)

<>
:Mln 200ns!

In the case of Software Reset Command
Minimum 200ns is necessary from E down-edge to next E down-edge.
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11.4 User Guide for Interface.

14.4.1 Serial I/F

IXS
PS
MPU cso  LD7138
(SPI) csp
RSTB CSB
RSTB
DIC 20
RDB/E
F WRB/RW
scL GND
D[0]
SDA D[]
7J77\_ D[15:2]
GND
ﬁg\— ID[2:0]
GND
14.4.2 12C I/F
VDD
T IXS
—IPS
MPU # cso  LD7138
(12C) VDD
CSB
RSTB
— 1 A0
[ RDB/E
;7— WRB/RW
scL GND
D[0]
SDA D[]
7J;\_ D[15:2]
GND
VDD or GND ID[2:0]
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14.4.2 8080-series MPU Interface with 6bit Bus

VDD
IXS
PS
MPU _ c80 LD7138
(8080 series) cen GND 7}77_
CcSB
RSTB RSTB
DI/C
A0
RDB RDBJ/E
WRB WRB/RW
D[7:0] D[5:0]
77';\— D[15:6]
GND ID[2:0]
GND 77I;

14.4.3 6800-series MPU Interface with 6bit Bus

VDD
IXS
PS
MPU c80 LD7138
(6800 series)
S
RSTB
Ros A0
RDB/E
WRB WRB/RW
D[7:0] D[5:0]
77';\— D[15:6]
GND ID[2:0]
GND
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